Rationale: Among patients with nontuberculous mycobacterial lung disease is a subset of previously healthy women with a slender body morphotype, often with scoliosis and/or pectus excavatum. We hypothesize that unidentified factors predispose these individuals to pulmonary nontuberculous mycobacterial disease. Objectives: To compare body morphotype, serum adipokine levels, and whole-blood cytokine responses of patients with pulmonary nontuberculous mycobacteria (pNTM) with contemporary control subjects who are well matched demographically. Methods: We enrolled 103 patients with pNTM and 101 uninfected control subjects of similar demographics. Body mass index and body fat were quantified. All patients with pNTM and a subset of control subjects were evaluated for scoliosis and pectus excavatum. Serum leptin and adiponectin were measured. Specific cytokines important to host-defense against mycobacteria were measured in whole blood before and after stimulation. Measurements and Main Results: Patients with pNTM and control subjects were well matched for age, gender, and race. Patients with pNTM had significantly lower body mass index and body fat and were significantly taller than control subjects. Scoliosis and pectus excavatum were significantly more prevalent in patients with pNTM. The normal relationships between the adipokines and body fat were lost in the patients with pNTM, a novel finding. IFN-g and IL-10 levels were significantly suppressed in stimulated whole blood of patients with pNTM. Conclusions: This is the first study to comprehensively compare body morphotype, adipokines, and cytokine responses between patients with NTM lung disease and demographically matched controls. Our findings suggest a novel, predisposing immunophenotype that should be mechanistically defined.
of patients with a nodular-bronchiectatic pattern of pNTM are elderly women with a distinct body morphotype, characterized by slender habitus, above average height, mitral valve prolapse, and thoracic abnormalities including scoliosis, pectus excavatum (PEX), and straight back syndrome (14) (15) (16) (17) .
We hypothesize that slender individuals have abnormal expression of leptin and adiponectin, adipokines that are important immune modulators (18, 19) . Leptin typically increases proportionately with adiposity, whereas adiponectin decreases. The relative deficiency of leptin as seen in thin individuals accounts for reduced lymphopoiesis and impaired differentiation of T cells into the IFN-g-producing T H 1 phenotype (20) . Leptin also activates macrophages and increases production of host-protective cytokines such as tumor necrosis factor-a (TNF-a) and IL-12 (21) . Reduced leptin levels in slender individuals may contribute to the increased susceptibility to TB (22, 23) . Tasaka and colleagues (24) found that patients with pNTM had 30% lower serum leptin as compared with healthy control subjects matched for age, gender, and BMI (24) . Mouse studies show that leptin is a host-protective factor against M. tuberculosis and M. abscessus (25, 26) . Conversely, serum adiponectin levels are increased in thin individuals (18, 19) . Because adiponectin can induce immunosuppressive cytokines such as IL-10 and IL-1 receptor antagonist (18, 19) , elevated levels in slender individuals may impair their resistance to NTM.
It remains controversial whether patients with pNTM with no known predisposing disorder are immunologically impaired (16, (27) (28) (29) (30) (31) . Lim and colleagues found more IFNg 1 CD4 1 T cells in the blood of patients with pNTM stimulated with staphylococcal enterotoxin B and MAC-derived purified protein derivative (32) . Kim and colleagues (16) found no difference in stimulated levels of proinflammatory cytokines in peripheral blood mononuclear cells (PBMCs) of control subjects and patients with pNTM. In contrast, other researchers found that stimulated PBMCs and whole blood from patients with pulmonary MAC produced less proinflammatory cytokines but more IL-10 than blood cells from healthy subjects or subjects with TB (27) (28) (29) (30) (31) 33) .
We performed a prospective, cross-sectional study to determine whether a subset of patients with pNTM have a unique predisposing phenotype. To do this, we compared patients with pNTM and uninfected control subjects for body morphotype, serum leptin and adiponectin levels, and whole-blood cytokine levels after ex vivo stimulation. Some of the results of this study have been presented as abstracts (34, 35) .
METHODS Materials
A detailed list of materials used can be found in the online supplement.
Subjects
After Institutional Review Board approval and informed consent, 103 patients with pNTM who fulfilled American Thoracic Society criteria for isolated NTM lung disease (7) were recruited consecutively from the Adult Day Unit of National Jewish Health (NJH) between December 1, 2009 and October 1, 2010. Patients were enrolled regardless of their disease stage, antibiotic therapy, or prior history of lung resection surgery. Control subjects (n ¼ 101) were recruited consecutively from the University of Colorado Denver Anschutz Medical Campus Metabolic Bone Clinic. We selected this control group because the patients seen at this clinic possess similar demographics as the patients with pNTM at NJH (mostly elderly, white women). Demographic factors can influence body habitus and body fat content, which can affect a subject's immunophenotype. Control subjects were excluded if they had a history of NTM infection. For both groups, individuals were excluded if they were pregnant, had active cancer, or were currently prescribed immunosuppressive or immunomodulatory agents.
All enrolled subjects were self-reported to be HIV negative by testing or were deemed to be of such low risk that testing was not clinically indicated. A detailed medical history was obtained and reviewed for all patients. Tobacco use was defined as a history of greater than 5 packyears of smoking or current cigarette smoking.
Body Morphotype Measurements
Body morphometric measurements were completed on all enrolled subjects. All measurements were performed in triplicate on the right side of the body by a single investigator (M.K.). The mean of three measurements was used for final comparisons between groups. From these measurements, the BMI (kg/m 2 ) and percent body fat (Durnin/Womersley Caliper Method) were calculated. The total body fat in kg was calculated by multiplying weight times the percent body fat. Height and arm span:height ratio were also measured.
Assessment for Scoliosis and PEX
The presence of scoliosis was based on the interpretation of posteroanterior and lateral chest X-rays by clinical radiologists and validated by a single investigator (M.K.). PEX was determined using the Haller index to analyze the axial chest CT image, available for all 103 patients with pNTM and 20 control subjects. The Haller index is calculated by dividing the transverse diameter inside the rib cage by the shortest anteroposterior diameter between the anterior vertebral column and the posterior sternum (36) . Mild to moderate PEX is defined as Haller index of 2.5 to 3.5 and severe PEX as . 3.5.
Adipokine Measurements
Serum leptin and adiponectin concentrations were measured in duplicate using ELISA kits from R&D Systems (Minneapolis, MN).
Whole-Blood Cytokine Levels
A random subset of subjects (47 patients with pNTM and 53 control subjects) underwent whole-blood collection for cytokine measurements. Whole blood was diluted 5-fold with RPMI alone or with RPMI containing a final concentration of 20 ng/ml lipopolysaccharide (LPS), 6.2 mg protein/ml of heat-killed Staphylococcus epidermidis, or 5.5 3 10 6 live Mycobacterium intracellulare/ml. Additional details on preparation of the whole blood and cytokine analysis can be found in the online supplement.
Statistical Analyses
Statistical analyses assessed five primary outcomes: height, presence of scoliosis, leptin and adiponectin concentration per kg of body fat, and cytokine production in whole-blood samples. The two groups in this study (patients with pNTM and control subjects) were compared for each outcome. Details of the statistical analyses can be found in the online supplement.
RESULTS

Demographics and Past Medical History
There was no significant difference in age, gender, or race between the patients with pNTM and control subjects (Table 1) . More patients with pNTM were current or past smokers, but in both groups the vast majority with tobacco use were former smokers (Table 1) . Although there was a trend toward greater prevalence of COPD in the pNTM cohort (Table 2) , this was self-reported and may reflect airway dysfunction related to bronchiectasis and not classic COPD. The pNTM cohort was also more likely to have a history of childhood respiratory disease, sinusitis, and gastroesophageal reflux, consistent with previously published studies (16) . There were no significant differences in vitamin D levels or use of nonsteroidal antiinflammatory drugs between groups ( Table 2 ). Osteoporosis and osteopenia were more common among control subjects, although the prevalence was high in both groups (Table 2) . Fifty-eight (56%) patients with pNTM were on antibiotics at the time of enrollment, with 33 receiving azithromycin. Of the 45 patients with pNTM not on antibiotics, 33 were therapy naive, and 12 had received antimicrobial therapy before enrollment.
Microbiology
All mycobacterial isolates were identified using biochemical methods at NJH Mycobacterial Laboratory and 16S RIBOSOMAL RNA gene sequencing. MAC accounted for 78 (76%) of the NTM recovered. The second most common NTM recovered was M. abscessus, isolated from 20 (19%) patients. The remaining five patients had one of the following isolates: M. xenopi, M. terrae, M. lentiflavum, M. kansasii, and M. chelonae.
Body Morphotype Analysis
After linear regression analysis, which controlled for age and gender, patients with pNTM were found to be an average of 4.53 cm taller ( Table 3) .
The presence of scoliosis was assessed for all 103 patients with pNTM and the 75 control subjects who had chest X-rays available. Scoliosis was present in 32 (31%) patients with pNTM and in 10 (13%) control subjects (P ¼ 0.006).
Using the Haller index to define PEX, 90 (87%) of 103 patients with pNTM met diagnostic criteria for PEX, whereas 13 (65%) of the 20 control subjects who had chest CT available had evidence of PEX (P ¼ 0.01 for group comparisons). Among all subjects with PEX, 23 (26%) of 90 patients with pNTM had severe PEX, defined as Haller index greater than 3.5, and 5 (38%) of 13 control subjects had severe PEX.
Serum Adipokine Levels
When serum leptin was normalized for total body fat (kg), subjects with NTM had, on average, a 0.33 ng/ml/kg higher leptin concentration than control subjects (i.e., 1.25 ng/ml/kg vs. 0.92 ng/ml/kg, respectively; (95% CI, 0.02-0.64 ng/mL/kg; 17 (17) 21 (21) 0.47
Definition of abbreviations: BCG ¼ bacillus Calmette-Guérin; COPD ¼ chronic obstructive pulmonary disease; N ¼ number of subjects; N/A ¼ not applicable; NSAID ¼ nonsteroidal antiinflammatory drugs; NTM ¼ nontuberculous mycobacteria; pNTM ¼ pulmonary nontuberculous mycobacteria. * In the patients with pNTM, bronchiectasis was confirmed on CT scans. Only 20 control subjects had chest CT scans available, but none had a medical history compatible with bronchiectasis.
y Mean (SD).
P ¼ 0.03). The raw individual leptin levels for all subjects were then plotted as a function of their corresponding body fat, and a best-fit line was determined ( Figure 1A ). The leptin concentration in the control subjects increased by 1.88 ng/ml for every kg increase of body fat (P , 0.0001), which corresponded to a partial correlation coefficient (r) of 0.74. In contrast, for the pNTM group, leptin increased by only 0.16 ng/ml per kg of body fat (P ¼ 0.51), which corresponded to a r value of 0.07. There was significant interaction between the groups (i.e., the slopes are significantly different [P , 0.0001]). When serum adiponectin was normalized for total body fat (kg), subjects with NTM had, on average, a 0.52 mg/ml/kg higher adiponectin concentration than control subjects (i.e., 1.56 vs. 1.04 mg/ml/kg, respectively; 95% CI, 20.37 to 1.41; P ¼ 0.25). The raw individual adiponectin levels were then plotted as a function of body fat, and a best-fit line was determined ( Figure  1B ). The adiponectin levels for the control group decreased by 0.37 mg/ml for each kg increase in body fat (P ¼ 0.0001), which corresponded to a r value of -0.37. In contrast, for the pNTM group, adiponectin increased 0.0004 mg/ml for each kg increase in body fat (P ¼ 0.997), which corresponded to a r value of 0.004. There was significant interaction between the groups (i.e., the slopes are significantly different [P ¼ 0.02]).
Stimulated Whole-Blood Cytokine Production
After stimulation of whole blood with LPS or live M. intracellulare, IFN-g production was significantly decreased in patients with pNTM as compared with control subjects (Figure 2A ). In the patients with pNTM, there was a trend toward less IFN-g production in the unstimulated whole-blood cultures and cultures stimulated with S. epidermidis.
IL-12 is important in regulating IFN-g synthesis. We determined the levels of IL-12 in the whole-blood cultures but found no significant differences between blood from patients with pNTM and control subjects exposed to RPMI alone, LPS, or live M. intracellulare ( Figure 2B ). However, in whole-blood cultures stimulated with S. epidermidis, IL-12 production was significantly increased in patients with pNTM compared with control subjects. Because IL-18 can induce IFN-g production, we also determined whether there was differential IL-18 production in the whole blood of 11 randomly selected patients with pNTM and 11 randomly selected control subjects and found no significant difference ( Figure 2C ).
Unstimulated whole-blood cultures from patients with pNTM produced significantly less TNF-a compared with uninfected control subjects ( Figure 2D ). However, there was no difference in TNF-a production between patients with pNTM and control subjects in stimulated cultures. There was no significant difference in the baseline or stimulated levels of other proinflammatory cytokines, including IL-1b, IL-6, IL-8, and RANTES ("regulated and normal T cell expressed and secreted," a T-cell-derived chemokine) (Figures 3A-3D) .
High levels of IL-10, an antiinflammatory cytokine, have been linked to pNTM disease (32) . Unexpectedly, IL-10 levels were significantly lower in unstimulated and stimulated whole-blood cultures from patients with pNTM compared with control subjects ( Figure 4A ).
Because a low IFN-g/IL-10 ratio has been associated with disease severity in TB (37), we determined the ratio of these two cytokines for both cohorts. There was no significant difference in the mean IFN-g/IL-10 ratio comparing patients with pNTM and uninfected subjects in unstimulated whole-blood cultures or cultures exposed to S. epidermidis or M. intracellulare ( Figure 4B) . However, the IFN-g/IL-10 ratio was significantly reduced in the LPS-stimulated whole-blood cultures of patients with pNTM ( Figure 4B ).
DISCUSSION
This study is the first to examine body morphotype, adipokines, and blood cytokine levels in patients with pNTM and control subjects with similar demographics in regard to age, gender, and race. Our finding that patients with pNTM have lower BMI and less body fat supports the hypothesis that thin individuals are more susceptible to NTM lung disease (14, 16, 20) . This finding is notable because both the pNTM and control groups had substantially lower percent body fat than similarly aged women in the National Health and Nutrition Examination Survey (NHANES) cohort (42.5% body fat for women 60-79 yr of age) (38) . We speculate that the use of a more "average" control group may have resulted in even more striking differences in adipokine levels. Although it is plausible that reduced body fat was a result of the NTM infection, Kim and colleagues showed that self-reported BMI before pNTM diagnosis and current BMI were significantly lower than NHANES control subjects (16) . Furthermore, they found that patients with pNTM had lower BMI than patients with disseminated NTM (16) . The present findings show that patients with pNTM have an increased frequency of the anthropometric features (taller stature, thin body habitus, scoliosis, and PEX) seen in Marfan syndrome (MFS) (15, 16) . The prevalence of PEX as determined by the Haller index was likely overly sensitive because PEX was significantly greater in the pNTM and control cohorts than the estimated 1% occurrence in the general population (39) . Nevertheless, PEX was significantly more common in patients with pNTM than in control subjects. Although the patients with pNTM in this study do not fulfill diagnostic criteria for classic MFS, the high frequency of Marfan-like features suggests that such individuals may have a forme fruste of MFS. In classic MFS, FIBRILLIN-1 gene mutations may cause lung disease (emphysema and bronchiectasis) and elevated tissue transforming growth factor (TGF)-b (40) (41) (42) (43) (44) . Because most individuals with pNTM have bronchiectasis and because elevated TGF-b increases susceptibility to TB (45, 46) and MAC (47, 48) , it is plausible that one or more of the approximately 600 FIBRIL-LIN-1 gene mutations identified (49) may predispose to pNTM. pNTM disease was recently reported in a patient with congenital contractural arachnodactyly due to FIBRILLIN-2 gene mutation (50). This disorder shares many clinical features with MFS, including tall and slender body habitus, scoliosis, and PEX (50) . The authors speculated that mutation in FIBRILLIN-2 led to abnormal TGF-b metabolism, increasing the patient's susceptibility to NTM (50) .
In patients with pNTM, the typical direct relationship between body fat and serum leptin level was essentially absent. Although the mean serum leptin normalized for body fat was slightly higher in the patients with pNTM, this is likely due to the fact that patients with pNTM with very low body fat had higher leptin levels than control subjects with similar body fat ( Figure 1A ). For example, at 10 kg of body fat, the mean leptin level was 16.23 ng/ml higher (95% CI, 9.52-22.95 ng/ml higher) in the pNTM group compared with the control group (P , 0.0001) ( Figure 1A ). In contrast, at 30 kg body fat, the mean serum leptin concentration was 18.23 ng/ml lower (95% CI, 10.13-26.33 ng/ml lower) in the pNTM group compared with control group (P , 0.0001) ( Figure 1A) . One hypothesis for this finding is that thin subjects with pNTM may have more severe disease and the resulting increased inflammation enhanced leptin production because TNF-a and IL-1b have been shown to induce leptin in experimental animals (19, (51) (52) (53) ; however, this is controversial in humans (18, 19, 54) . Although there was no positive correlation between baseline whole-blood TNF-a and leptin levels (n ¼ 47; r ¼ 0.14; P ¼ 0.35), there was significant correlation between baseline IL-1b and leptin in patients with pNTM (n ¼ 47; r ¼ 0.40; P ¼ 0.006). However, because there was no significant difference in whole-blood IL-1b levels between pNTM and control subjects, the contribution of IL-1b to elevated leptin in patients with pNTM with low body fat is unknown.
We expected to find elevated serum adiponectin in the pNTM cohort because adiponectin increases as body fat decreases. The patients with pNTM did have elevated mean serum adiponectin after normalization for body fat, although this difference was not statistically significant. The typically inverse relationship between body fat and adiponectin was absent in the patients with pNTM ( Figure 1B) . Our findings do not replicate the work of Tasaka and colleagues (24) , who showed that although adiponectin was elevated and leptin was reduced in patients with pNTM, there was no difference in the slopes of the linear regression lines between the groups. This may be due to the fact that they found no difference in BMI between the two cohorts. Because the ratio of leptin to adiponectin concentration may have biological significance (55), we calculated the mean leptin: adiponectin ratio and found no significant difference, although there was a trend toward decreased leptin/adiponectin ratio in the pNTM group (1.68 6 0.20 ng/mg) compared with the control group (2.30 6 0.39 ng/mg). Nevertheless, loss of the direct relationship between leptin versus body fat as well as the loss of the inverse relationship between adiponectin versus body fat in patients with pNTM indicate that these immune-modulating adipokines are abnormally regulated in them.
It remains controversial whether patients with pNTM have defects in cytokine production (16, (27) (28) (29) (30) (31) . We found that in patients with pNTM, whole blood stimulated with LPS or M. intracellulare produced significantly less IFN-g, and these patients showed a trend toward decreased IFN-g production after S. epidermidis stimulation. Because the levels of other proinflammatory cytokines were unchanged, the defect in IFN-g production is likely downstream of Toll-like receptor-2, Toll-like receptor-4, and perhaps other pattern-recognition receptors and may be relatively specific for IFN-g production. Because leptin can induce IFN-g (20), we analyzed whether there was a correlation between leptin and basal blood IFN-g in the pNTM cohort but found none (data not shown). Although the mechanisms responsible for the suppressed IFN-g remain to be elucidated, our experimental findings indicate that the defect is not due to IL-12 or IL-18 deficiency in the patients with pNTM. Although there was a significantly reduced level of IFN-g seen in the blood of patients with pNTM compared with control subjects after ex vivo stimulation, the IFN-g level was not zero. Thus, it is quite plausible that the ability to produce IFN-g, albeit at reduced level, is one reason why such patients do not manifest disseminated NTM or other opportunistic infections.
Prior studies examining stimulated PBMCs from patients with pNTM showed elevated IL-10 production compared with control subjects (31) (32) (33) . Increased IL-10 in stimulated PBMCs has been linked to more severe pNTM disease (33) . At baseline and across all stimuli, we found less IL-10 in the whole blood of patients with pNTM compared with control subjects. Because the inverse relationship between adiponectin and body fat was absent in the pNTM cohort, one explanation for the unexpected reduction in IL-10 might be a defect in the induction of IL-10 by adiponectin.
In addition, our study used stimulated whole blood, whereas prior studies reporting elevated IL-10 in subjects with pNTM used PBMC cultures (31) (32) (33) . Using whole blood for cytokine assays better reflects the in vivo microenvironment because soluble substances that modulate cytokine production are preserved (56) .
Because IFN-g and IL-10 levels were reduced in stimulated whole blood of patients with pNTM, an imbalance between immune-activating IFN-g and immunosuppressive IL-10 may predispose slender individuals with abnormal body habitus to pNTM infection. It has been reported that a very low stimulated whole-blood IFN-g/IL-10 ratio correlated with severe or disseminated TB and, conversely, a higher IFN-g/IL-10 ratio was associated with less severe localized TB (37) . We found no difference in the IFN-g/IL-10 ratio between the whole blood of patients with pNTM and control subjects basally or after stimulation with S. epidermidis or M. intracellulare. Based on this finding, we spec-ulate that a "preserved" IFN-g/IL-10 ratio may have Figure 2 . IFN-g, IL-12, and TNF-a levels in wholeblood cultures. Measured levels of (A) IFN-g, (B) IL-12, (C) IL-18, and (D) TNF-a in diluted wholeblood cultures were quantified from 53 control subjects (open bars) and 47 patients with pulmonary nontuberculous mycobacteria (pNTM) (closed bars) for IFN-g, IL-12, TNF-a, and 11 subjects from each group for IL-18. Whole-blood cultures were incubated for 18 hours in the presence of RPMI medium alone (Unstim), 20 ng/ml lipopolysaccharide (LPS), 6.2 mg of heat-killed Staphylococcus epidermidis protein/ml (Staph), or 5.5 3 10 6 live Mycobacterium intracellulare (MAC)/ml. Data shown are the mean 6 SEM. *P , 0.05, **P , 0.01, and ****P , 0.0001 compared with corresponding control subjects. Statistical significance was unchanged after multivariate analysis adjusted for age, gender, body mass index, and height. allowed the NTM infection to be confined to the lungs and helped prevent other opportunistic infections from developing. However, the IFN-g/IL-10 ratio was significantly lower in the patients with pNTM after LPS stimulation compared with control subjects. Although this low ratio may indicate an intrinsic predisposition to LPS-containing gram-negative bacteria and supports the clinical observation that many patients with pNTM are coinfected with these organisms, the vulnerability may also be due to impaired ability to clear airway secretions due to the bronchiectasis itself or to selection pressure from repeated courses of antibiotics (57) .
Because several antibiotics, including the macrolides, have antiinflammatory properties and inhibit cytokine production (58), we analyzed the cytokine data comparing patients with NTM who were on antibiotics at the time of enrollment with those who were not. Overall, there was no difference in wholeblood basal and stimulated cytokine levels between patients with NTM on current therapy and those not on therapy except for a modest reduction in IFN-g production after LPS stimulation in patients on antibiotics (data not shown). However, there was no difference in IFN-g production in those on or off therapy after stimulation of their blood with S. epidermidis or MAC. Importantly, basal and stimulated IFN-g production was suppressed in patients with NTM, regardless of antibiotic status, when compared with control subjects. We also compared the mean levels of leptin and adiponectin in patients with NTM on and off antibiotics and found no differences (data not shown). We were not able to find evidence in the literature that antibiotic therapy affect adipokine levels.
Several limitations of this study should be considered in future work. Osteoporosis may be a confounder in our study because adipokine and cytokine levels may be altered in these individuals (59) . However, because both the control and pNTM groups had a high prevalence of osteoporosis, we do not believe it significantly affected the results. Additionally, it would be interesting to compare body morphotype and immunophenotype as a function of severity of NTM lung disease. Although most patients with pNTM in our study had severe disease, consistent with the fact that nearly all patients with pNTM seen at NJH are referred because of recalcitrant disease, we did not conduct a formal, quantifiable measure of disease severity. Furthermore, prospectively analyzing percent body fat, adipokine levels, and relevant cytokine levels before and after anti-NTM treatment may help decipher what components of the abnormal immunophenotype are reversible upon successful treatment of the lung infection. Correlating leptin and adiponectin levels with lymphocyte counts as well as lymphocyte subtypes may reveal additional insights into the relationship between peripheral blood cell differential and levels of adipokines. Future studies should consider examining an additional control group, such as patients with idiopathic bronchiectasis without NTM infection. However, these patients may require bronchoalveolar lavage to definitively exclude current NTM infection. Furthermore, it is possible that these patients are also at high risk of contracting NTM lung disease but have not yet experienced a significant environmental exposure of organisms. Although it would be interesting to compare the body morphotype and immunophenotype of patients with NTM with active TB cases, patients with TB are frequently younger and foreign born, whereas patients with pNTM at NJH are predominantly elderly, white women. Although significantly more patients with pNTM had a history of tobacco use, we were unable to determine whether cigarette smoke exposure is a risk factor for pNTM disease because only one control subject and four patients with pNTM were current smokers at the time of enrollment. Future studies should examine estrogen levels because this hormone may play a role in host defense against mycobacteria (60) . However, it has been shown that 6 months of hormone replacement therapy in postmenopausal women did not affect leptin levels (61) . DEXA scans may provide a more accurate assessment of body fat than the caliper method. In the future, other Marfanoid features that can be objectively measured, such as lumbosacral dural ectasia, can be assessed (62, 63) . Lung-specific immune cells should also be examined to evaluate the local immunophenotype, including the expression of T regulatory cells and TGF-b.
In conclusion, we found that, compared with a control group with similar demographics, patients and pNTM were taller and thinner, and had more thoracic cage abnormalities. Serum leptin and adiponectin levels were abnormally regulated in the patients with pNTM. After whole-blood stimulation, IFN-g and IL-10 levels were significantly suppressed in the patients with pNTM. Our findings warrant future studies to explore a possible genetic basis for the abnormal immunophenotype we observed and to clarify the molecular mechanisms responsible for the abnormal induction of leptin, adiponectin, IFN-g, and IL-10 in patients with NTM lung disease.
Author disclosures are available with the text of this article at www.atsjournals.org. Figure 4 . IL-10 level and IFN-g/IL-10 ratio in wholeblood cultures. (A) IL-10 was measured in the same clarified supernatants from whole-blood cultures used to quantify other cytokines. IL-10 was measured in 53 control subjects (open bars) and 47 patients with pulmonary nontuberculous mycobacteria (pNTM) (closed bars). Data shown are the mean 6 SEM. Statistical significance was unchanged after multivariate analysis adjusted for age, gender, body mass index, and height. (B) The IFN-g/IL-10 ratio was determined in 53 control subjects (open bars) and 47 patients with pNTM (closed bars). Data shown are the results as means 6 SEM. *P , 0.05, **P , 0.01, and ****P , 0.0001 compared with corresponding control subjects. Whole-blood cultures were incubated for 18 hours in the presence of RPMI medium alone (Unstim), 20 ng/ml lipopolysaccharide (LPS), 6.2 mg of heat-killed Staphylococcus epidermidis protein/ml (Staph), or 5.5 3 10 6 live Mycobacterium intracellulare (MAC)/ml.
